. Least-squares planes defined by the benzene rings referred to the cell axes J=2 5"079X+9"583Y-4"700Z=5.589 J= 3 4"573X+ 9"943 Y-3-692Z= 6"765 X, Y, Z are fractional coordinates Displacements of atoms from planes J=l J=2 J=3 C(J1) 0.003 • -0.002 .~, -0.006 C(J2) 0.007 0-001 0.002 C(J 3) -0.008 0.000 0.003 C(J4) -0"001 0"001 -0"004 C(J5) 0.011 -0.001 -0-000 C(J6) -0.011 0.001 0.005 C ( were plotted against the composition of the sample.
The resulting phase diagram is shown in Fig. 1 . A metastable modification of P (melting point 97 °C) is well established, and its structure determination is now in progress. The existence of an incongruently melting 1 : 1 addition compound is rather obvious, and there also seems to be one more addition compound in the system.
It was decided to start an investigation of the 1 : 1 addition compound. After several attempts using different solvents, crystals of the appropriate compound were obtained as irregular prisms from an equimolar solution of P and C1P in 50% benzene and 50% ethanol.
The cell dimensions were determined by leastsquares from 31 reflexions measured from powder photographs taken with a Guinier-H/igg camera using Cu K~I radiation (2= 1.54051/~) and silicon as an internal standard (asi = 5.43054 A).
The diffraction symmetry 2/m and systematic absences hkl, h + k odd, hOl, l odd on Weissenberg photographs for l= 0 and l= 1 suggested the space group Cc or C2/c. Crystallographic and physical data are given in Table 1 . The intensity data were collected on an automatic Stofi-Philips two-circle Weissenberg diffractometer, using unfiltered Cu Ke radiation and an 0,,-20 scan. A crystal of dimensions 0.25 x 0.14 × 0.09 mm, elongated along the e axis, was used for collecting the data. The crystal was mounted in a glass capillary (wall thickness 0.029 ram) to prevent sublimation of the volatile C1P component during the experiment. 1809 independent reflexions for layers 0_< l< 17 in the range 5 ° < 20 < 140 ° were measured. The equivalent sets hkO and hkO were collected, and the mean values of the intensities were used. 476 reflexions had an intensity less than the standard deviation, as estimated from the counting statistics, and these were given zero weight in all refinements.
The data were corrected for background and for Lorentz, polarization, absorption and secondary extinction effects. The crystal shape was defined by seven rational crystal boundary planes in the calculation of the absorption and extinction corrections. A small correction was also al~plied to account for absorption in the capillary walls. The linear absorption coefficient used for glass was 102 cm -1.
During the experiment, three reference reflexions were measured at regular intervals. Their intensities decreased linearly with exposure time, reaching only 80% of their initial values at the end of the experiment. The measured intensities were corrected for this effect.
Determination of the structure
An overall temperature factor and a scale factor were determined with Wilson's (1949) method using all data. Normalized structure amplitudes IE[ were calculated according to Hauptman & Karle (1953) . The statistical distribution of the IErs, compared with theoretical values for centric and acentric cases (Karle, Dragonette & Brenner, 1965) gave strong evidence for I -,,. a centrosymmetric structure (cf. Table 2 ). Accordingly the space group C2/c was chosen. The choice was later confirmed by the successful refinement of the structure in this space group. The 263 reflexions with [El > 1.5 were used as input to a multi-solution program for sign determination by iterative application of Sayre's equation. The calculation of one of the 16 solutions converged much faster than the others, and also the signs of the individual terms in Sayre's equation showed the best consistency. It appeared later that all 263 signs in this solution had been correctly determined. A Fourier synthesis using these signs for the E values showed 19 large peaks. From a knowledge of the geometry of the molecules • the peaks corresponding to the 15 heavy atoms could easily be recognized.
Atomic coordinates, isotropic temperature factors and an overall scale factor were now refined in two cycles of full-matrix least-squares refinement. The conventional discrepancy index R= ~llFol-IFcll/~lFol was at this stage 0.13 excluding zero weight data. Two more cycles with anisotropic temperature factors lowered R to 0.07. An (Fo-Fc) Fourier synthesis, using only data with sin 0/2 < 0.4/~k -1, showed the sites of the nine hydrogen atoms quite clearly. The heights of the 'noise' peaks were all less than half the height of the lowest hydrogen peak.
Refinement of the scale factor, all atomic coordinates, anisotropic temperature factors for the heavy atoms and isotropic for hydrogen lowered R to 0.055.
The weighted R value Rw= {Yw(IFol-IFcl)Z/Y~wlFolZ} 1/z
at this stage was 0.066. The total number of parameters varied was 172.
A small correction for secondary extinction was now applied in accordance with Zachariasen's (1967) formula. Further refinement of all atoms gave finally R = 0.048, Rw=0"052.
The final shifts in the parameters were all less than one tenth of their corresponding standard deviations, as estimated from the least-squares matrix in the final cycle of refinement. Observed and calculated structure factors are listed in Table 3. A weight analysis indicated a satisfactory weighting scheme in the final cycle of refinement, where the weights used were w = (156 + IFI + 0"021FI z + 0.00061F[3) -a.
The scattering factors used were those given in
International Tables for X-ray Crystallography (1962) for C1, O, N and C and the spherical scattering factor for hydrogen proposed by Stewart, Davidson & Simpson (1965) .
Description of the structure
The structure is shown in Fig. 2 . The atomic parameters are presented in Tables 4 and 5. The average estimated standard deviations in the atomic positions are 0.001 A for chlorine, 0.003/k for oxygen, nitrogen and carbon, and 0-04 A for hydrogen. (4) 418 (2) also indirectly confirmed by the differences between the C(2)-O(2) and C(2')-O(2') distances, 1.33 and 1.26 •, and between the C(2)-N(1)-C(6) and C(2')-N(1')-C(6') angles, 116 ° and 124 °, respectively. The planes of the molecules in the dimer make an angle of 13.6 ° with one another. The closest contact Semi-empirical molecular orbital calculations have been carried out for the dimer and the monomers, using the method of 'complete neglect of differential overlap' (CNDO; Pople, Santry & Segal, 1965; Pople & Segal, 1965 ). It appears from the calculations that the gross charge on H(3) is positive (cf. Fig. 4 ). Some kind of interaction between C1 and H(3) clearly exists, but it is doubtful whether it should be interpreted as a C-H. • • C1 hydrogen bond, especially since the angle is rather unfavourable for such a situation.
The molecules become slightly polarized when dimers are formed (cf. Fig. 4 and Table 8 ) and this may be relevant to the hydrogen bonding situation. Regarding the atoms as point charges, the gain in classical electrostatic energy when dimers P-CIP are formed can be expressed as E=-YQiQdR~. In this expression Q~ and Qj denote the gross charges on atoms i and j, R~j is the internuclear distance and the summation is to be taken over all atoms i in P and all atoms j in C1P. Using the charges given in Table 8 , E was calculated to be 8.3 kcal/mole for polarized molecules and 5.1 kcal/mole for unpolarized molecules.
The C-C distances are unusually short in both molecules. The mean distance is 1.37 A, and some values are in the range 1-33-1"35 A. From the calculated nbond orders the bond lengths can be estimated from various semi-empirical relationships suggested by several authors, e.g. Lofthus (1959) . In general, the estimated C-C bond lengths are 0.02--0.03 A longer than the experimental values, whereas the C-N distances are in good agreement with experiment (cfi Fig. 5 ). Calculations on the C1P-C1P dimer gave essentially the same result. One possible reason for this Fig. 5 ). It would thus be natural to assume that the short apparent C-C distances are due to a rigid-body thermal motion of the dimer. Such a motion would have minor effects on bonds close to the center of mass of the dimer, and would hence be well compatible with the observed discrepancies. The thermal parameters are not particularly consistent with this assumption, however. On the other hand, the thermal parameters may have been affected by various types of systematic errors, especially since the corrections for radiation damage and for absorption in the capillary walls are rather uncertain.
The question of the unusually short bond lengths can not be fully answered from the present investigation. We believe, however, that if more accurate data were obtained, an analysis of the thermal parameters in terms of a rigid-body motion would give a definitive answer to this problem.
The aromatic ring in P is slightly non-planar. The carbon atom C(2'), to which the oxygen atom is attached, is 0.02 A out of the plane defined by the other atoms in the ring (cf. Table 9 ). The ring in C1P is planar within experimental error. The C1 and O atoms deviate significantly from the planes of the corresponding molecules, and in these cases the deviations are 0.04-0-06 A. Table 9 . Deviations of the atoms from the least-squares planes through the aromatic rings Atoms denoted by * were not included in the calculations of the planes. Since C(2') was significantly out of plane 2, it was not included in the final calculation of the plane.
Plane 1. CIP Deviation Atom from the deviation plane e.s.d. N(1) 0.003 h 1.0 C(2) 0.000 0 0 C(3) 0 004 0 9 C(4) -0.005 (I') 0.002/~ 0-5 C(2')* 0.021 6-2 C(3') -0-002 0.6 C(4") 0.002 0.5 C(5') 0.000 0.0 C(6') -0.002 0.5 0(2')* 0.062 26 H(I')* 0.051 1.4 H(3')* -0.028 0.0 H(4')* 0.030 0.7 H(5')* -0"046 1"2 It(6')* -0"101 2"8 H(2)* 0"341 -0(2)* 0"516 -N(1)* 0"203 -
The geometry of the C1P molecule is very similar to that obtained by Kvick & Olovsson for pure C1P. As in the present case, the molecules occur in the enol form and are linked to form dimers by hydrogen bonds. The pairing in that case is caused by O-H...N hydrogen bonds. Except for the C(5)-C(6) distance, which is 0.024 (7)A shorter in the present case, neither distances nor angles differ significantly in the two determinations.
In the crystal structure of pure P (Penfold, 1953) the molecules are linked by hydrogen bonds to form infinite chains. The accuracy of this determination is c~mparatively low, but in general the molecular dimensions are significantly different from those in the present determination. The metastable modification probably contains dimers P-P, and it will accordingly be of greater interest for a comparison of molecular dimensions.
All calculations were carried out on the CDC3600 computer in Uppsala. The Wilson plot and the cal-culation of normalized structure amplitudes were performed using the programs XDATA and EFACT from the program library at the Brookhaven National Laboratory. The structure was solved with a program for sign determination written by Long (1965) . The MO-LCAO calculations were carried out with a local modification of the program CNDO/3, originally written by Roll Manne, University of Uppsala. All other calculations were performed with programs described by Nahringbauer (1967) and Liminga (1967) .
